Background: There is a little understanding of the association between hospital organizational characteristics and hospital readmissions. We previously developed a Senior Care Services Scale (SCSS) that describes hospital availability of services relevant to the care of older adults. Objective: Determine whether hospitals' SCSS scores were associated with risk of readmission among Medicare beneficiaries. Design: Retrospective cohort analysis. Setting and Participants: Medicare beneficiaries ≥65 years of age (n = 3 553 367), admitted to 5568 US acute-care hospitals in 2006, discharged alive. Medicare data were linked to the American Hospital Association database of hospital characteristics. Measurements: All-cause non-elective hospital readmission, or death without readmission, within 30 days of hospital discharge. Results: We examined the association between high and low scores of each of two hospital SCSS service groups: inpatient specialty care (IP) and post-acute (PA) community care. There was no association between high IP scores and readmission (RR 1.00, 95% CI 0.98-1.02). Older adults admitted to hospitals with high PA scores had lower risk of experiencing hospital readmission when compared to older adults admitted to hospitals with low PA scores (RR 0.97, 95% CI 0.95-0.98). High PA scores were associated with increased mortality (RR 1.09, 95% CI 1.06-1.13). In sensitivity analyses exploring relationships at 90 days, both the IP and PA subcomponents were associated with older adults' reduced risk of hospital readmission (IP: RR 0.97, 95% CI 0.95-0.99; PA: RR 0.97, 95% CI 0.95-0.99). Conclusion: Senior services at the hospital-level represents a modifiable risk factor with important impact. Employing organization-level characteristics in readmission risk prediction tools should be expanded.
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Introduction
Hospital readmissions among Medicare beneficiaries remain a common, costly problem [1] . Interventions to reduce readmissions remain a high priority for health reform. Approaches to reduce readmissions primarily target patient-specific risk factors [2] . These approaches have limitations. First, patient-specific readmission prediction models perform poorly [3] . Second, older adults have unpredictable healthcare utilization patterns [4] . Third, no single intervention reliably reduces 30-day readmission rates nor reduces rates to optimal levels [5] . Fourth, interventions are often diseasespecific [6] [7] [8] [9] , require investments to hire healthcare professionals [7, [10] [11] [12] , or focus on hospital-based discharge planning with mixed results [5, [13] [14] [15] . A broader understanding of factors associated with readmissions can facilitate design of new approaches to reduce readmissions.
The role of hospital organizational characteristics in readmissions has not been extensively explored. A growing body of literature describes the plausibility of a relationship between organizational characteristics (e.g. staffing levels, ownership, teaching status) and the quality of care [16] [17] [18] [19] [20] [21] . The availability of senior care services (e.g. geriatrics consultation, home health services) may contribute to older adults' readmissions. Older adults are at especially high risk for safety problems during and after hospitalization and benefit from services targeted towards their needs [22] [23] [24] [25] .
The availability of hospital services relevant to the care of older adults has not been examined recently. Researchers first examined services in the 1980s and developed a classification scheme for hospital services for older adults [26] [27] [28] . To update this work, we used the American Hospital Association (AHA) Annual Survey of Hospitals (ASH)-the largest, most comprehensive database of selfreported hospital characteristics, representing over 90% of US hospitals [29] -to develop a hospital 'Senior Care Services Scale' (SCSS) that identifies services relevant to the care of older adults [30] .
The aim of this study is to determine the relationship between hospital availability of senior care services and readmission risk. We hypothesize older adults admitted to hospitals offering more such services experience lower rates of readmission.
Methods

Study cohort and design
We conducted a retrospective cohort analysis of all Medicare beneficiaries aged 65 years or older admitted to acute-care hospitals in the USA during the first 6 months of 2006, discharged alive. We linked Medicare claims (100% MedPAR files) with the ASH and identified an older adult's first hospital admission between January 1 and 30 June 2006. We obtained hospital characteristics from the ASH [29] .
We excluded older adults admitted to hospitals that met any of the following criteria: survey non-responders (~7% of surveyed hospitals); children's hospitals (~2% of hospitals); specialty hospitals (e.g. oncologic-, or psychiatric-only;~22% of hospitals); and hospitals located outside of the 50 states and District of Columbia (~1% hospitals). The final analytic sample consisted of 3 553 367 older adults admitted to 5 568 hospitals. The Johns Hopkins University School of Medicine Institutional Review Board approved this study.
Senior care services scale
We used a multi-step process to develop the SCSS [30] . The SCSS consists of two main service groups: an 8-item Inpatient Specialty Care (IP) group and a 7-item Post-acute Community Care (PA) group. The IP group is comprised of items related to specialty services delivered in a hospital setting: geriatrics, palliative care, psychiatric geriatrics, pain management, social work, case management, rehabilitation and hospice. The PA group is comprised of items related to services delivered in the post-acute care setting: skilled nursing, intermediate care, other long-term care, assisted living, retirement housing, adult day care and home health services.
To calculate SCSS scores, we created a binary variable (yes/no) from ASH data identifying whether a hospital (or its subsidiary) offered each service in the SCSS. For each hospital, the SCSS scores represent the results of factor analyses studying the variability of IP and PA services. Each hospital received two separate scores-one for the IP service group ('high-SCSS IP' or 'low-SCSS IP'), and one for the PA service group ('high-SCSS PA' or 'low-SCSS PA')-considering performance on the IP and PA scores independently. Based on a review of score distribution, and for ease of interpretation, we classified each hospital as high-or low-scoring in each group based on whether their IP and PA scores were above or below the national median, respectively. Scores represent the availability of services; they do not represent the delivery or quality of services.
Outcome measure
The outcome was the occurrence within 30 days of discharge of either [1] all-cause non-elective hospital readmission, or [2] death without readmission. The reference group was those who remained alive and were not readmitted. If individuals incurred more than one admission after discharge, we included only the first readmission within the study period. If readmitted individuals subsequently died, these individuals were included in the 'readmitted' group. We excluded readmissions classified as 'elective.' All outcome information came from Medicare claims data.
Patient-and hospital-level measures
We included covariates in the model based on whether the covariate had either clinical plausibility, or previous research, showing a relationship with readmission.
The eleven patient-level covariates, obtained from Medicare claims data, were age (years), sex, race (Black, other), prior admission within 3 months of the index hospitalization (yes/no), Charlson comorbidity score (number of co-existing conditions at admission, weighted according to their relative effects on mortality, 0, 1, 2, 3, 4, 5+), [31] , urgent versus elective index admission, index hospitalization length of stay (LOS, in days), intensive care unit (ICU) stay during index hospitalization (yes/no, and number of days), discharge destination (facility, home with home care, home), and primary diagnosis of an ambulatory care sensitive [32] or transitional care sensitive [33, 34] condition (ACSC, TCSC, yes/no).
The six hospital-level covariates, obtained from ASH data, were ownership (government, non-profit, for-profit), bed size (<200, 200 + beds), teaching intensity (resident-to-bed ratio, low, medium, high) [35, 36] , rural location (yes/no), minority-serving (highest percentile of proportion of Black patients >5.15%, yes/no) [37] , and average income of the hospital referral region (HRR, a measure portraying patterns of use of hospitals in a geographic region, classified as above or below the national median) [38] .
Statistical analysis
To test the hypothesis that older adults admitted to high-SCSS IP or PA hospitals had a lower risk of readmission than did older adults admitted to low-SCSS IP or PA hospitals, we conducted both biand multivariable regression analyses. The patient was the unit of analysis, with SCSS and other hospital characteristics measured at the hospital-level.
Bi-variable analyses were combined with guidance from the literature and our clinical experience to select patient-and hospitallevel characteristics for multivariable analyses. In bi-variable analyses to determine whether patient-level characteristics differed between older adults with and without readmission or death within 30 days of discharge, we performed Student's t-tests for continuous variables, and chi-square tests for categorical variables.
In the bi-and multivariable analyses to determine whether hospital-level characteristics differed between older adults with and without readmission or death within 30 days of discharge, compared to those who remained alive and were without readmission, we developed generalized linear mixed effects models for multinomial data with unordered categories to account for the correlation among older adults admitted to the same hospital [39, 40] . We checked spline terms for continuous variables to identify change in the relationships between continuous variables and the likelihood of readmission or death within 30 days of discharge. Variables with a high proportion of missingness at the patient-level were investigated to evaluate the missing data mechanism.
Sensitivity analyses
We planned a priori to conduct three sensitivity analyses to evaluate the robustness of our findings. First, we evaluated the results using a four-category outcome (no readmission and no death, readmission and no death, readmission and subsequent death, death without readmission). Second, we evaluated the impact of excluding sameday readmissions. Third, we investigated the association of hospital characteristics with readmission or death within 90 days.
P-values of ≤ 0.05 were considered statistically significant. Data analysis were performed using SAS/STAT 9.2 (SAS Institute; Carey, NC 2009) and STATA version 11.0 (STATA Statistical Software; College Station, TX 2010).
Results
Patient-and hospital-level characteristics
Of the 3 553 367 hospitalized older adults in our study, 405 634 (11.4%) were readmitted within 30 days, and 162 595 (4.6%) died without being readmitted within 30 days ( Table 1) .
The three groups showed statistically significant differences in the following patient-level characteristics (P < 0.001): older age, male sex, Black race, prior admission within 3 months of the index hospitalization, more chronic conditions, non-elective index admission, longer LOS, index admission ICU stay, discharge with postacute care services, and presence of ACSC or TCSC (Table 1) . Our analysis used model-based deletion methods to handle missing data, in which observations with missing data for any variables in the model were removed from the analysis. Table 2 depicts the multinomial logistic regression model examining the association between high-and low-SCSS scoring hospitals and older adults' risk of hospital readmission or death, for both IP and PA groups. All significant relationships in the model existed after adjusting for the effects of all other variables in the model.
SCSS scores and hospital readmission or death
Older adults admitted to high PA-scoring hospitals had lower risk of experiencing hospital readmission within 30 days, compared to older adults admitted to low PA-scoring hospitals (RR 0.97, 95% CI 0.95-0.98). There was no association between high IP scores and reduced readmission at 30 days (RR 1.00, 95% CI 0.98-1.02). We found an association between high PA scores and increased mortality within 30 days (RR 1.09, 95% CI 1.06-1.13).
Patient-level characteristics and hospital readmission or death
Patient-level characteristics significantly associated with increased readmission in the multivariable models within 30 days were (P < 0.001): increasing age after 70 years, male sex, Black race, prior hospitalization within 3 months, more chronic conditions, nonelective admission, longer LOS, ICU stay, discharge with post-acute care services or home healthcare, and the presence of an ACSC. Patient-level characteristics significantly associated with increased mortality were: increasing age after 70 years, male sex, prior readmission within 3 months, longer LOS, non-elective admission, discharge with post-acute care services or home healthcare and more chronic conditions.
Hospital-level characteristics and hospital readmission or death
Hospital-level characteristics significantly associated with increased risk of readmission were: government ownership, small hospital size and teaching intensity. Older adults admitted to rural hospitals and minority-serving hospitals had reduced readmission risk. Government ownership was significantly associated with increased mortality.
Sensitivity analyses
In pre-specified sensitivity analysis of readmission or death within 90 days of hospital discharge, both high IP and PA scores were associated with older adults' risk of hospital readmission (IP: RR 0.97, 95%CI 0.95-0.99; PA: RR 0.97, 95% CI 0.95-0.99). We found an association between high PA scores and increased mortality within 90 days (RR 1.09, 95% CI 1.06-1.12). There was no major difference in our findings if we used four-category outcomes specified in sensitivity analyses (i.e. adding the outcome of readmission and subsequent death). There was also no difference in the sensitivity analysis of excluding same-day readmissions.
Discussion
In this large, national study, hospital organizational characteristics (PA scores) were independently associated with hospital readmission within 30 days of hospital discharge, even after accounting for patient-level characteristics. We found that both IP and PA scores were associated with hospital readmission within 90 days of hospital discharge. Older adults admitted to high PA-scoring hospitals were 3% less likely to experience readmission than older adults admitted to low-SCSS hospitals. The 3% reduction in readmission risk is Table continued significant. Extrapolated to the number of people 65 years of age and older readmitted nationwide in 2007 alone, 3% fewer readmissions translates to 50 523 averted readmissions, for a cost savings to Medicare of over $492 million per year (at an average payment of $9 739) [41] . Altering senior services at the hospital-level represents a modifiable risk factor with important impact.
The SCSS and risk of readmission or death
There are several possibilities explaining how SCSS scores are associated with older adults' readmission risk. First, higher scores indicate the availability of IP and PA services, which may lead to improved needs assessments of hospitalized older adults and subsequent targeting of services to reduce readmission. Second, SCSS scores may be a marker of hospitals that have made material investments to attend to the needs of complex patient populations in general. These hospitals may have different local standards of practice and may offer other kinds of services that could reduce readmission risk (e.g. substance abuse services, support groups). Third, PA scores may reflect a hospital's greater integration within the surrounding community, improving access to care. Finally, SCSS scores may reflect an underlying culture of interest in the care of older adults manifesting its effect in other unmeasured ways.
The IP and PA groups had different associations with readmission over time; in our sensitivity analyses, IP services were not associated with decreased readmission risk within 30 days, but they were associated with decreased readmission risk within 90 days. IP services involve delivery of care during the hospital stay, and assessment of the older adult's needs after discharge, while PA services generally involve delivery of care in the post-discharge period. The difference in the relationship of the IP and PA scores to readmission risk may reflect that the benefit of these services may manifest over different periods of time. PA services may be more relevant in the immediate post-discharge period for reducing readmission risk, and the combination of IP and PA services seem to be most effective in reducing risk over time.
The finding of an association between high PA scores and increased mortality within 30 and 90 days was interesting. This requires further research. Perhaps hospitals serving populations at high risk of adverse outcomes (i.e. sicker people) after discharge were more likely to offer PA services as a way of addressing the needs of their population.
Prior work examining readmissions
Most studies have focused on readmission risk for patients with specific conditions, and exclude hospital-level or regional characteristics; thus there is limited comparability to our present study. The exceptions are the work by Alexander and Evashwick in the 1980s, which specifically studied hospital characteristics [26, 27, 42] . Furthermore, this study is the first to use SCSS scores, which investigate a broader range of hospital-level characteristics relevant to the care of older adults than those examined in other work. Most prior studies examining readmissions focused on patientor hospital-level characteristics separately [2, 37, [43] [44] [45] [46] [47] [48] [49] [50] , but not as covariates in the same model, as does this study. Our study findings demonstrate that patient-and hospital-level factors function independently as predictors of hospitalization. The following associations were consistent with, and in the same direction as, those studies examining associations between either patient-or hospitallevel characteristics and readmission: age, sex, race, co-existing conditions, hospital ownership status, hospital teaching status and minority-serving hospitals. In contrast to these previous studies, there was not an association with larger bed size and risk of readmission, nor was there a linear relationship between increasing age and increased risk of readmission. Study findings confirm the importance of including both patient-and hospital-level characteristics in analyses of readmission or death.
Limitations
Our study has several limitations. First, readmissions result from the convergence of complex processes; as in any observational study, residual confounding may have affected findings. To limit residual confounding, we used Donabedian's structure-process-outcome framework [51] , and a literature review of patient-and hospital-level characteristics associated with readmission, to guide our selection of variables for inclusion in the analysis. The hospital-level covariates in the analysis reflect the 'structure' portion of the Donabedian framework that lead to suboptimal care transitions processes, readmission or death.
Second, the ASH data used to create SCSS scores are selfreported. Scores represent only the presence or absence of hospital services, rather than the actual use or quality of the services. Furthermore, ASH data are limited to the hospital or health system and do not reflect the extent of community resources available. Despite these limitations, ASH data is the most comprehensive data available on hospital characteristics nationwide. Moreover, the questions in the present study can be posed again in later years, as the ASH is ongoing. Third, the data we present are from 2006, and since then there may have been changes affecting older adults' readmission risk. However, readmission rates have not changed much over time [52] , and care transition improvement efforts have had only modest effects on readmission [47] , thus it is unlikely that results would vary greatly from what we have found. Fourth, SCSS scores had a higher proportion of missing data. There was no evidence suggesting the missing mechanism was due to issues related to hospital availability of services. Missingness was uniform across all items involved in the SCSS, and we could not apply imputation techniques. We do not expect this would have affected our estimates or statistical inference. Finally, our study focused on the association between SCSS scores and risk of readmission or death, and there are other outcomes relevant to older adults not available in our data set (e.g. functional status, cognition, quality of life, timely post-discharge follow-up).
Implications and future directions
Study findings highlight that the framework guiding readmission improvement efforts needs expansion to include hospital organizational characteristics. Organizational factors reflected by the SCSS are important targets to consider, since these may be more modifiable by health systems than patient-level characteristics traditionally targeted in readmission reduction efforts. This study also highlights the importance of analyzing SCSS trends after the passage of US health reform in 2010, as results could be more striking as hospitals moved to create accountable care organizations and invest in more SCSS services.
Findings have implications for several stakeholder groups: health systems, older adults, caregivers and researchers. We recommend that health systems seeking to reduce readmission rates use the SCSS as a tool to assess their investment in the care of older adults. Study findings may help health systems develop service lines associated with decreased early readmission of Medicare beneficiaries. Furthermore, findings may guide the design of other health system interventions, evaluation metrics and best practices, needed to provide optimal and safe transitional care for vulnerable older adults and others in need of complex care [30] . Public reporting of health systems' SCSS scores can help guide older adults and caregivers to health systems offering services relevant to their needs. SCSS scores can serve as a benchmark to monitor trends in the availability of services to older adults, especially relevant in the context of valuebased care initiatives.
